For the 10%-15% of American married couples who experience reproductive problems, in vitro fertilization (IVF) is the leading technologically advanced treatment procedure. Two important issues are at the center of policy debates regarding IVF markets: 1) expanding access to infertility treatment, and 2) encouraging IVF clinics and patients to minimize the risk of multiple births, which can be expensive and dangerous. This paper evaluates the two principle policy proposals -insurance mandates and competition restrictions -for meeting these issues.
Introduction
An estimated 10% 15% of American married couples with a wife of reproductive age are infertile. 1 For these 5 million couples, infertility treatment can include simple medical advice, ovulation drugs, or the use of an assisted reproductive technology (ART) such as in vitro fertilization (IVF). 2 ART procedures are the most technologically advanced treatment for infertility, as they involve the deliberate creation of an embryo outside of a woman's body. Since the …rst test tube baby was born in 1978, the use of IVF has spread rapidly. Between 1995 and 2000 (the time period of this study) the number of ART treatment cycles 3 rose from approximately 60,000 to 100,000, and the number of ART-conceived babies increased from 16,600 to 35,000. 4 The latter …gure comprises about 1% of all births in the U.S. in 2000. Despite the growing prevalence of ART and IVF, to our knowledge there have been no previous studies of the economics of infertility treatment access and within-treatment choices. 5 This paper provides a …rst examination of these issues.
There are two critical economic issues in markets for technologically advanced infertility treatment. First, there are questions regarding access. While ART use is growing, the substantial di¤erence between the numbers of infertile and treated couples is largely due to the price of the procedure. In contrast to most medical care in the United States, patients pay out-of-pocket for the majority of IVF cycles. The expense of one cycle in 2000 was typically between $10,000 and $15,000, with 70% of the expense for the IVF clinic's fees and the remainder for drugs. Additionally, the probability of a birth following treatment is fairly low (about a third), which substantially increases the expected expense of IVF. 1 Infertility is generally de…ned as the inability to become pregnant after 12 months of trying to conceive without contraception (Stephen and Chandra [2000] ). Data from the 1995 National Survey of Family Growth indicate that 21% of childless women aged 35-44 have received infertility treatments (Abma et al. [1997] ). 2 Over 90% of ART treatments are IVF. In the remainder of the paper we often using these terms interchangeably, except where noted. 3 ART services consist of a sequence of treatments performed over about two weeks, so it is more appropriate to think of an ART procedure as a cycle of treatments. 4 Many of these children were born as a twin, triplet, or more. To calculate the number of babies born through ART in 1995, we assume that women giving birth to triplets or more had 3.2 babies, since the CDC did not report this number in that year. See Reynolds et al. [2003] for additional details on the relative importance of ART to multiple birth rates in the United States.
Low birth probabilities are central to the second economic issue: decisions made during treatment. Patients and doctors choose the number of embryos transferred to the woman during IVF.
Additional embryos increase the likelihood that a treatment cycle concludes with a birth, but they also increase the probability of twins, triplets, or more. Multiple births are socially expensive and dangerous, 6 but patients and clinics do not bear all of the costs. Thus, there may be moral hazard in embryo-transfer decisions. The current incentives and technology for infertility treatment has yielded a multiple gestation rate that is much higher with ART (30% 40%) than is true naturally (2%). Finally, treatment choices and success rates are also a¤ected by the technology that an IVF clinic uses to treat its patients. The use of more advanced techniques can increase birthrates, lower multiple birth risks, or both.
To meet the concerns of the two economic issues identi…ed above, there are two main public policy prescriptions. The …rst is the mandatory provision of insurance for IVF treatment. 7 Insurance coverage may induce some couples to substitute IVF for less expensive drug therapies, or to try ART at an earlier point in their life cycle. During our sample period of 1995 to 2000, thirteen states had mandates regarding insurance for ART costs. 8 In 2001, two additional states enacted insurance mandates for infertility treatment, while thirteen others are currently considering similar legislation in order to increase access to IVF. The primary objective of insurance-coverage advocates is to increase access to ART for less-wealthy couples who have had di¢ culty with natural conception. A central tenet of this position is that infertility is a medical condition, and couples with unfavorable fertility characteristics should not bear extraordinary costs to receive medical care. An additional possible bene…t of insurance coverage for IVF is that patients may request less aggressive treatment with regard to the number of embryos transferred. Insurance could allow a couple to take treatment multiple times if necessary, so the couple would not feel the same incentive to maximize the birth probability during their …rst treatment.
The second policy prescription is a reduction in competition between clinics. The welfare bene…ts of competition on medical services is an open question. For example, Dranove, Shanley, 6 High-order pregnancies involve more health risks for a woman, and low-birthweight children require additional neonatal care and may experience more health problems later in life. Goldfarb et al. [1996] calculate the mean medical cost of delivering a singleton baby or set of twins to be $39,000, while the average cost of delivering triplets is $342,000. 7 As noted by Gruber [1993] , mandates may have little impact if insurance companies would cover ART services even in the absence of regulation. 8 Drug expenses are generally excluded from insurance coverage.
and Simon [1992] investigate whether hospital competition may lead to over-investment in high-cost specialized services -a "medical arms race." Recently, some medical researchers have questioned the role of competition in the market for IVF services. In order to attract patients in a competitive ART market, it is argued that a clinic has an incentive to transfer a high number of embryos to each patient in order to increase the clinic's birthrate, which in turn attracts more patients (Bergh et al. [1999] ; Wells [1999] ). 9 If this is correct, then limits on competition will reduce the number of embryos transferred and the subsequent incidence and cost of multiple births. 10 However, this reasoning ignores the possibility that a monopoly clinic may exploit its market power to raise the price of an IVF cycle. 11 Low, competitive prices increase access to treatment in a way similar to an insurance mandate. Additionally, a patient who faces high monopoly prices may choose to transfer more embryos in order to reduce the likelihood that she will return for an additional expensive ART treatment. Thus, limits on competition may in fact increase multiple birth rates.
The objective of this paper is to evaluate the e¤ects of insurance mandates and competition on infertility treatment markets. Our analysis of insurance mandates complements the results of Jain et al. [2002] , who use 1997 state-level cross-sectional data to argue that insurance increases access to IVF while reducing the risk of multiple births. However, Jain et al. do not control for market-speci…c e¤ects like income and demographic characteristics that could a¤ect ART choices. 12 Consequently, it is not clear from their study whether the introduction of a mandate in a particular market will expand access to IVF treatment or change treatment patterns. Regarding the e¤ects of competition on IVF, there have been no previous studies of this topic. We seek to resolve the questions of whether competition can improve access through lower prices, and whether competitive pressures drive clinics to in ‡ate multiple birth risks. 9 Bergh et al. submit this argument following their study of IVF as practiced in Sweden. The authors may be correct in describing the IVF market in that country, given the various details of medical treatment and regulations there. Our paper evaluates whether the same argument can be applied to American IVF markets, which have their own incentives and structure. We …nd that it cannot.
1 0 For this to be true, parent must bear relatively few of the costs of multiple births. 1 1 A survey of the literature by Dranove and White (1994) suggests that more concentrated hospital markets are associated with higher prices for hospital services. 1 2 The Jain et al. study is written for an audience of medical researchers and professionals, and the authors do not emphasize that market characteristics other than insurance laws may shift the outcome variables of interest. They aggregate ART statistics at the state level, while we prefer market-level analysis. This accounts for di¤erences in markets within a state, and it allows us to address situations in which a market straddles state (and insurance regime) borders.
Our results on insurance's e¤ect on IVF access and treatment are similar to those of Jain et al. in two areas. First, we …nd that an insurance mandate increases IVF usage in a market, controlling for demographic characteristics. Second, we corroborate the …nding that women receive fewer embryos (immediately decreasing their risk of multiple birth) in mandate states. However, we note that an increase in competition can expand ART access too, and that insurance mandates create an incentive for clinics to use (relatively) low-technology treatment for their patients. 13 Among the new patients who may use ART, we infer that insurance induces more low-fertility couples to take treatment than competition. The full e¤ects of both insurance and competition on patient selection, treatment choices, and technology lead to a reduction in the multiple birth rate for women under age 35, while only competition has a signi…cant e¤ect on this outcome for older women. Finally, we examine market characteristics that attract the entry of new ART clinics, and we …nd that clinics are generally attracted to areas where women are more educated and wealthier.
This last …nding suggests the broader importance of ART. The recent increase in IVF cycles is not just due to new technology; the changing economic environment of the late 20th century has shifted the demand for infertility treatment. As women's labor force participation rates and real wages have increased, couples have deferred the decision to have children. 14 The average age of the mother at …rst birth in the United States rose 3.5 years between 1970 and 2000 (Mathews and Hamilton [2002] ). However, biological fertility decreases with age (Menken et al. [1986] ), so there has been growth in the number of couples who choose to delay having children while in their twenties only to encounter reproductive problems in their thirties. For many of these couples, an IVF clinic o¤ers the "last best hope" of treating their infertility.
A Primer on ART and IVF

What happens during an IVF cycle?
An individual or couple seeking infertility treatment generally begins with medical tests and advice on how to get pregnant without additional medical intervention. The next step is usually infertility 1 3 In their study of hospital quality in the Los Angeles area, Gowrisankaran and Towne [2002] also …nd that payer identity matters in determining risk-adjusted medical treatment quality. 1 4 The relationships among (in)fertility, labor, and human capital decisions are very similar to the issues described by Goldin and Katz [2002] in their study of the impact of the introduction of the contraceptive pill. drugs to stimulate egg production, for which the couple pays several hundred dollars out-of-pocket. 15 If these simple and relatively inexpensive treatment methods are unsuccessful or if the woman's reproductive window is closing due to her age, an ART procedure may be recommended by the doctor or demanded by the patient. ART is a procedure in which eggs are surgically removed from a woman's ovaries, combined with sperm in the laboratory, and embryos (fertilized eggs) are returned to the woman's body or donated to another recipient. 16 The dominant type of ART used in the U.S. is IVF. Events within an cycle of IVF treatment are illustrated in Figure 1 . A woman …rst receives drugs that stimulate egg production. While there are broad guidelines for recommended dosages of these drugs to yield the optimal quantity and quality of eggs, the dosage received may vary by physician and patient. During this period, the woman visits the fertility clinic frequently to monitor egg development. The patient then undergoes surgery to retrieve the eggs for insemination in the laboratory. While the sperm and egg may be simply placed together to achieve fertilization, a more advanced technique known as intracytoplasmic sperm injection (ICSI) may be used. With ICSI, a single sperm is injected directly into the egg. ICSI is used to increase the likelihood of fertilization, although some reproductive physicians may prefer more "natural"fertilization when possible for reasons of natural selection of the sperm. 17 The use of ICSI generally adds $900 $1200 to the $10; 000 $15; 000 in expenses 1 5 Infertility drugs alone are lower-quality treatment than IVF in two ways. First, per-egg success probabilities are lower because fertilization is not assisted. Second, the variance in the multiplicity of embryos is higher because the drugs may generate a large number of eggs available for fertilization. The relatively low price of drug treatment combined with the high variance in multiple birth risk leads to the unfortunate coincidence of low income families and dangerously high-order pregnancies. 1 6 An exception to this set of steps is gamete intrafallopian transfer (GIFT), which does not include combining eggs and sperm outside of a woman's body. See below for additional details on GIFT. 1 7 Hansen et al. [2002] examine birth defect risks among children conceived using IVF with and without ICSI, and they are unable to reject the hypothesis that defect rates are una¤ected by ICSI use. from the other steps of an IVF cycle.
The fertilized embryos are then cultured in the lab for 2 to 6 days as the cells begin to divide.
A lab technician grades the quality of the embryos, and a decision is made as to when embryos should be transferred into the patient's uterus. Additionally, the patient and her doctor must decide how many embryos will be transferred, based on embryo quality. 18;19 This is perhaps the most important decision made by the doctor and patient during the IVF treatment cycle. Increasing the number of embryos to transfer increases the likelihood of pregnancy. However, it also raises the likelihood of multiple gestation, which is associated with higher miscarriage rates and lower birthweights. If the patient has a large number of high-quality embryos and the lab is adept at culturing the embryos, the physician may delay the transfer until day 5 or 6. At this point there is more information as to which embryos are the most viable; this allows the physician to transfer fewer embryos and minimize the multiple pregnancy risk for a given birthrate. Otherwise, the transfer is made at day 2 or 3. A high-quality ART clinic will transfer fewer embryos and have a lower rate of multiple births while still maintaining a high pregnancy and birthrate. A low-quality clinic might transfer more embryos and have more multiple births in order to raise its birthrate. 20 Some clinics also use less advanced forms of ART, which include gamete intrafallopian transfer (GIFT) and zygote intrafallopian transfer (ZIFT). In GIFT, a laporascope is used to implant unfertilized eggs and sperm in the woman's fallopian tubes through a small incision in her abdomen, while ZIFT uses the same surgical approach but …rst fertilizes the eggs in the lab. Both GIFT and ZIFT are older methods that tend to have lower pregnancy rates and are more invasive for the woman. Currently, IVF is by far the preferred procedure at most ART clinics. Tables 2.1 and 2.2 summarize recent trends in IVF's popularity and practices. About half of 1 8 In cases where the woman is unable to produce eggs, donor eggs from another woman, or frozen embryos from a previous IVF cycle may be used. These phenomena were not very common during 1995-2000, and we do not consider them in this paper. 1 9 When there are "left over" embryos that are not transferred to the patient, the extra embryos are usually frozen and preserved. Schieve et al. [1999] use patient-speci…c ART data to test whether cryopreservation is a signi…cant indicator of quality-based selection among embryos. They …nd that the presence of cryopreservation is positively correlated with live birth rates, but there was no signi…cant relationship between this treatment practice and multiple births. all IVF patients are under 35 years old, and birthrates for the procedure decline with a patient's age. Relatively young women have an average success rate near 30%, while women over 40 give birth after only 10% of all cycles. Multiple birth risks also decline with age (while the average number of embryos rises); these factors together re ‡ect the decline in fertility by age among IVF patients. It is important to note that changes to biological fertility as well as selection e¤ects (through survivorship bias) create this pattern. 
Insurance mandates for ART
Between 1995 and 2000, a …xed set of thirteen states had mandates regarding insurance for ART. 21 An interesting aspect of these mandates is that they were generally passed in the late 1980s, before IVF was introduced on a wide scale to the general public. The states vary in whether insurers are required to cover ART expenses for all clients or just o¤er ART coverage for a fee. The states also di¤er in the number of ART cycles that may be covered, the types of technology that may be used, and the conditions that a patient must satisfy before receiving covered treatment. Ten of the thirteen states include IVF in their ART laws, while the remaining three states omit IVF from insurance coverage regulations. 22 Our main focus in this paper is the use of IVF to treat infertility, so when we refer to "insurance states"in the analysis below, we intend this to mean the ten states with regulations that apply to IVF. We continue to use the terms ART and IVF interchangeably.
On Table 2 .3 we compare the characteristics of states with and without IVF-speci…c insurance mandates. Our goal is to describe how residents of these groups of states are di¤erent, and whether the di¤erences are likely to a¤ect couples'decisions regarding IVF demand and treatment choices.
The statistics on Table 2 .3 show that the ten states with IVF-speci…c regulations are similar to the remaining states in several relevant demographic measures from the 1990 decennial census. 23 24 
A Model of the ART Market
Many factors simultaneously a¤ect the choices of ART clinics and their potential patients. In order to better understand the main ways in which insurance regulations and market structure a¤ect these choices, we present a simple model of an ART market. 25 
Preferences, fertility, and technology
Assume that the market for ART treatment is populated with N initially childless couples (potential ART patients) who make one choice regarding reproduction. All couples share the goal of having one child, and the lifetime utility value of one child is B. Couples vary in their innate fertility, t, characteristics of the states before IVF achieved its late-1990s level of popularity. 2 4 One might argue that the extensive use of health insurance mandates in states with coverage for IVF may lead employers to drop insurance coverage for employees or to self-insure. If true, IVF mandates may have little e¤ect on access to ART. However, Gruber [1994] …nds no evidence that states with more mandates have lower rates of insurance coverage or higher rates of self-insurance.
which is distributed uniformly on [0; ] with < 1: Couples, who have no uncertainty regarding their own value of t, may attempt to conceive naturally or use an ART clinic. Natural reproduction occurs with probability t, while a clinic with technology k > 1 provides the conception probability (t; k) t. For convenience, we parameterize as (t; k) = kt for t 1=k and (t; k) = for t > 1=k. An advantage of this functional form is that a higher k implies (weakly) higher birth probabilities; this is illustrated on Figure 2 . Additionally, (0; k) = 0 and ( ; k) = , so very low and very high fertility couples do not gain much from using the clinic's services. The clinic collects a price of p for each use of its services, and couples pay the additional fee d (for drugs and other expenses) when they use ART. Let x = p + d be the full expense of one ART cycle. We assume the ART clinic uses the same technology in treating all of its patients, and all patients are charged the same price. Each couple has a stock of assets, A, that it divides between consumption and infertility treatment. 26 The utility from consumption is given by the increasing, strictly concave function u. Depending on a couple's infertility treatment choice, utility from consumption is either
when a couple pays p + d for infertility treatment.
Optimal choices by patients and clinics
We 
and
These couples have the largest gain in birth probability from treatment. The separation of couples across reproduction options is illustrated in Figure 3 . The set of fertility types who choose treat- 2 6 We maintain a fairly open interpretation of A. If we want to think about wealth di¤erences across markets, this a¤ects A in an obvious way. If we want to consider the dynamic e¤ects of a price reduction, we think of potential second-time patients making their current treatment decision with a larger amount of assets left over from previous periods.
ment expands with technology k and contracts with p (through ). Also, if we increase the stock of assets A -perhaps because couples become more wealthy or they have not spent as much in periods prior to the present one -the measure of treated couples increases because of the concavity of u.
We assume that the monopoly clinic sets k and then p to maximize pro…t. 28 The clinic faces
Assume that the clinic has a marginal cost of treating one additional couple equal to c(k), and this is independent of quantity. Pro…t is
where F is …xed cost. Both c and F are increasing and convex in k. For a given k; the clinic sets p by making a simple trade-o¤ between expanding market share and collecting a high margin from its patients. The solution for the optimal k in this static model is straightforward as well. 29 
Extensions to insurance, embryos, and competition
We now consider a group of extensions to the simple model introduced above. A thorough consideration of many issues related to the ART market requires a dynamic model of repeated reproductive decisions. We believe that including such a model is beyond the scope of the present paper, but many of the relevant dynamic issues may be explored su¢ ciently if we simply think of patients going through several iterations of the choices described above.
Insurance
Mandated insurance coverage allows couples to take a small number of cycles with the clinic's fees (p) covered by their insurance providers, but the expenses of all subsequent cycles are paid out-ofpocket. We model this policy as the opportunity for a couple to take one cycle under insurance.
This reduces the total expense of treatment to d for an insured couple. The direct price e¤ect of this change in x expands the fertility thresholds t 1 and t 2 , and the market grows as new lowerand higher-fertility couples are treated. In addition, the e¤ect of insurance mandates on birthrates depends on the relative fractions of low-and high-fertility patients induced to enter the IVF market as a result of insurance.
The dynamic e¤ect of the limited insurance policy is likely to move patients toward earlier treatment. Consider a couple's trade-o¤ between enhanced fertility today and additional consumption (and possibly treatment) tomorrow. A high out-of-pocket p means that the bene…ts of delaying ART include a substantial avoided cost if the couple becomes pregnant naturally while young.
Insurance reduces this bene…t of waiting, and couples will take treatment earlier. 30 As a result, we expect insurance mandates to expand the IVF market relatively more for younger couples than older couples.
Next, consider how insurance coverage might a¤ect a clinic's technology choices. The clinic in an insurance mandate market serves two sub-markets simultaneously: a group of out-of-pocket patients whose insurance coverage has been exhausted and a group of insured couples. It is reasonable to conjecture that the reimbursement fee paid to the clinic by insurance …rms is less than the out-of-pocket price, so the uninsured patients provide a higher pro…t margin. 31 This creates an incentive for the clinic to build its most pro…table patient segment, but this only occurs through unsuccessful cycles for the same patients while they are insured. Thus, an insurance mandate may encourage a clinic to adopt or employ lower levels of technology, so that the clinic may treat the same couple multiple times.
Embryos and insurance
As noted in Section 2, perhaps the most important decision within an IVF treatment concerns the number of embryos transferred to the woman. Suppose that a couple can choose to take either one or two embryos for the same treatment price p. The one-embryo option is exactly as we describe treatment in Section 3.1. The two-embryo choice increases the chance of a birth as if k has increased to k, with > 1. We assume that the probability of twins conditional on two embryos is kt, so that chance of bearing twins is increasing in the clinic's general level of k and the couple's innate fertility. The probability of a singleton birth conditional on two embryos is 3 0 An additional implication of optimal choices for insurance is that couples who plan to take treatment multiple This speci…cation of ART technology leads lower-t couples with t 2 [t E 1 ; t E 2 ] to choose two embryos, while higher-t couples with t 2 (t E 2 ; t E 3 ] take one embryo. 32 These threshold values of t have the property t E 1 < t E 2 < t E 3 , and
Couples with fertility less than t E 2 have the most to gain from an additional embryo because their chance of twins is relatively small.
We illustrate this separation among couples on Figure 4 .
If one-time insurance coverage becomes available, we expect the market to grow (a reduction in t E 1 and an increase in t E 3 ) due to the price e¤ect of insurance. Because couples pay the same price for treatment regardless of the number of embryos, insurance does not immediately a¤ect t E 2 . However, this threshold might decrease due to an intertemporal income e¤ect. The large out-ofpocket expense of ART may encourage couples without insurance to take more aggressive treatment (i.e., two embryos) because they cannot a¤ord treatment again in a later period. Insured treatment in the present period allows couples to carry more assets into subsequent periods. Overall, the e¤ect of insurance on embryo choice is ambiguous. For a given k, the average number of embryos declines if t E 2 falls and t E 3 increases su¢ ciently to outweigh the entrance of new low-fertility couples into the market.
When a clinic has the opportunity to adjust k; an additional complication is introduced to the total e¤ect of insurance on embryo choice. The clinic has the same incentive to reduce k as discussed above, but now couples can respond to a reduction in technology with an increase in embryos. 33 Note that a reduction in multiple birth risk (average embryos weighted by t) does not imply a reduction in multiple births. The increase in the number of treated two-embryo couples may overwhelm a reduction in twins risk.
Competition
Finally, we consider how duopoly competition may a¤ect the market. 34 Suppose there are two vertically di¤erentiated clinics, H and L, which o¤er technologies and prices such that k H > k L and p H > p L : Given ; couples sort themselves so that low-fertility couples choose the high-k clinic and vice versa. As in the case of embryo choice, we assume that the sets of couples who take treatment are adjacent. That is, couples with t 2 [t C 1 ; t C 2 ] use clinic H while those with t 2 (t C 2 ; t C 3 ] use clinic L. The thresholds t C 1 and t C 3 are nearly identical to t 1 and t 2 , respectively, as de…ned above, but with H and L added as appropriate to indicate clinic-speci…c characteristics. The value of t that separates the market shares is
On Figure 5 we illustrate the separation of couples across treatment options.
This sorting pattern suggests caution in inferring clinic quality from success rates. Although the high-k clinic can provide a (weakly) better success probability to a couple of …xed t than the low-k clinic, in equilibrium the high-k clinic may report a lower success rate for its patients. Additionally, clinics'incentives to vertically di¤erentiate may lead a pair of clinics to choose k levels above and below the monopoly k. The observed market-level average technology depends on the distribution of couples across clinics. The di¤erentiation of clinics and e¤ect of competition on prices provide two ways in which a duopoly market may improve couples'welfare relative to a monopoly. First, a wider variety of k values provides better matches between a clinics'technology and couples fertility treatment needs. Second, lower prices due to competition means that more couples can a¤ord to take treatment.
In considering how embryo choice is a¤ected by competition, we note that an income e¤ect similar to that of insurance may also occur when competition leads to lower prices. When a couple pays a lower out-of-pocket price for treatment, they carry more assets into future. Couples can a¤ord to be less aggressive (with respect to embryos) in today's treatment because they know that treatment tomorrow is also possible. 3 4 We do not consider insurance and competition simultaneously. The data suggest that markets with insurance mandates are more concentrated. We can think of two reasons why this might be so. First, an insurance …rm may prefer to contract with a small number of clinics in order to obtain a more favorable reimbursement rate. we believe that ART treatment is expensive and important enough to compel a couple to travel across a metropolitan area to receive the treatment they think is best, but the repeated clinic visits required for an ART cycle are likely to restrict a couple from seeking treatment outside of their home city.
The number of MSAs with at least one clinic grew from 99 to 114 within the sample period. 
Demand shifters
The number of clinics in a market and the number of treatment cycles are a¤ected by several important exogenous demographic characteristics. MSAs with ART clinics tend to be larger, richer, and more educated. See Table 4 
Cost shifters
We are concerned that the number of …rms in a market is correlated with unobserved factors that also a¤ect consumer demand and treatment decisions. Since we use competition as a predictor of treatment measures in our analysis below, we obtain a set of …ve cost-shifting instruments to control for the endogeneity of clinic entry decisions. Summary statistics for these variables are provided on Table 4 .1.
In general, ART clinics face high …xed costs for equipment, and they need trained embryologists and lab personnel. We identify two instruments -the number of hospitals in a market and the number of beds per hospital -with the …xed costs in mind. Many clinics are associated with hospitals, with which they may share administrative expenses and medical facilities or equipment. We anticipate that larger, more specialized hospitals are more likely to have equipment or services that might be shared with an IVF clinic. case -all of its population is exposed to the same insurance regime. A shortcoming of our data is that we do not know the decisions of insurance companies to o¤er ART coverage when they are not legally obligated to do so. However, it is reasonable to assume that privately o¤ered insurance for ART would be more expensive than other insurance options within the same market, and fewer potential patients in unregulated states would receive ART under insurance coverage.
We take a preliminary look at the relationship between insurance coverage and demand with the statistics on Table 4 .2. We divide the MSAs with clinics into two groups: one where more than 50% of the population resides in a state with an IVF-speci…c insurance coverage mandate, and the other group with all other markets. While markets with insurance mandates are typically more populous and have a greater number of clinics, the average number of clinics per 100,000 women ages 25-49 is actually lower in markets with insurance mandates. Despite this relationship between 4 0 IVF clinics are not subject to CON laws. 4 1 The CON score data used in our analysis were compiled by the state of Missouri to weigh the restrictiveness of di¤erent states'regulatory regimes. 4 2 Illinois is a state with mandatory insurance coverage of ART procedures. Missouri has no regulation of insurance coverage and ART.
insurance status and entry, we note that the number of cycles per 10,000 women is substantially larger in markets with insurance mandates.
Competition
To gauge the amount of competition in these markets, we calculate Her…ndahl-Herschman Indices (HHI) for all cycles across a market's clinics and for the distribution of cycles within our broad age categories. The summary statistics on HHI, which increases from 0 to 10,000 as a market moves from perfect competition to monopoly, indicate that most ART markets are quite concentrated.
The mean HHI of approximately 7,100 requires that one …rm has a market share over 80%. 
Clinics and infertility treatment
The treatment data are aggregate statistics that track the progress of cycles initiated at an ART clinic. The statistics are divided into age brackets that vary from year to year, so we focus on treatment procedures and results for two broad types of patients: those under age 35 and those older than 35. With this approach to the data, we observe the number of cycles performed on women in an age category at a particular clinic, the number of cycles at the clinic that led to pregnancies, the number of pregnancies that lead to a birth, 44 and other related information.
Continuing with the same division of markets by insurance coverage, we summarize treatment choices in Table 4 .2. IVF is used more frequently in markets with a large proportion of insured patients, but ICSI is more prevalent in markets without insurance mandates. 45 A distinct pattern in Table 4 .2 is that clinics in markets with an insurance mandate transfer fewer embryos, which reduces the risk of multiple pregnancies and birth, ceteris paribus. This is the pattern discussed in Jain et al. An important selection consideration is whether an insurance mandate draws predominantly high-or low-fertility couples into ART clinics. High-fertility couples require fewer embryos to obtain a target probability of a live birth, which could explain the result on embryos transfers on Table 4 .2. However, the data show that live birthrates are lower in markets with insurance coverage.
We address these issues with more precision in Section 6.3. Finally, the rate of twin gestations is similar across insurance regimes, while triplet pregnancies are more common in markets without an insurance mandate.
The Market-Level E¤ects of Insurance and Competition
In Sections 1 and 3 we conjectured that certain demographic and policy variables a¤ect the existence and behavior of ART clinics. These predictions may be divided into two broad areas, market-level and clinic-level e¤ects. We begin our empirical analysis by considering two important issues at the market level. First, we evaluate whether a change to insurance regulations a¤ects the number of ART clinics in a market. This is also an opportunity to learn which demographic features of a market attract additional clinics. Second, we examine how an insurance mandate and competition a¤ect the total number of cycles in a market.
What determines the number of clinics in a market?
Entry We use an ordered probit model to estimate the e¤ects of various market characteristics and insurance policy on the number of clinics. In this empirical model, the latent continuous dependent variable is the total pro…t ( it ) that might be divided among the clinics in market i during year t.
The market's observable characteristics are in X 1it and include insurance mandates and the demand and cost shifters described above. We model total pro…t as it = X 1it + " it , with " it distributed N (0; 1); iid across markets (i), but clustered within i across t. Clinics enter the market until their individual pro…t (i.e., their share of it ) is smaller than their …xed cost of entry. Although we do not observe , we are able to estimate with the number of clinics in each market during each year.
In estimating the model, we use the observed number (n) of clinics in the market if n 10; observed market-year pairs with n > 10 are grouped together. 46 We note that this empirical speci…cation does not account for the suspected product di¤erentiation in the ART market. 47 However, we believe that employing a simple empirical model here is still useful in identifying which market and policy characteristics are important in attracting new ART clinics into a market. 48 The results from our entry model are presented in the …rst column of Table 5 .1. In the previous section we described data that indicate that markets with insurance mandates have larger ART clinics without necessarily having more clinics. This pattern in the data is con…rmed in the ordered probit estimates, which show no signi…cant e¤ect of insurance on the number of clinics. 49 Several parameter estimates from the model con…rm our suggestion in Section 1 that fertility treatment is related to human capital investment. There is a strong positive relationships between the percentage of women with a professional degree and the number of clinics. It is not surprising that the number of clinics in a market is positively and signi…cantly related to the market's median income, but our …nding of a negative relationship between the upper quartile house value and n was not expected. Given that ART is usually a fairly expensive patient-pay procedure, we anticipated that this measure of wealth would be positively correlated with the number of clinics because it describes a more relevant part of the income/wealth distribution. The proportion of a market's population that is Catholic has no signi…cant e¤ect on the number of clinics.
To verify that we have selected an appropriate set of cost-shifting instruments to control for the endogeneity of competition, we also report the e¤ects of these variables within the ordered probit model. With the exception of the medical wage index, the instruments'coe¢ cients have the expected signs. Three instruments (the number of hospitals, the number of beds per hospital, and 4 6 There are 34 market-year observations (2% of the relevant data) that are censored in this way. 4 7 Ordered probit methods are theoretically sound in homogeneous-product markets when competitors have symmetric pro…ts (e.g., Bresnahan and Reiss [1991] ), but markets with observably heterogeneous …rms typically bene…t from analysis with more advanced econometric techniques (e.g., Mazzeo [2003] , Seim [2002] ). 4 8 We are not as con…dent in interpreting the relative importance of the explanatory variables and their coe¢ cients.
Our use of an ordered probit model for di¤erentiated clinics, if taken literally, requires strong assumptions on the homogeneity of the strategies played across markets as demographics change.
whether the market contains any medical researchers) have a statistically signi…cant e¤ect on the number of ART clinics. We interpret these results as indicating that the instruments can jointly have a substantial e¤ect on the number of clinics in a market.
At this stage in the di¤usion of ART, we believe that the reported correlations between education and the number of clinics are due to clinics entering markets in which they are most likely to …nd willing customers. That is, we do not believe that the presence of ART clinics is su¢ cient (yet) to compel women in certain markets to delay childbearing in order to build their human capital and careers. Despite the growing prevalence of ART, the education and initial fertility decisions of the women who are today's most likely patients were made a decade ago.
How do insurance and competition a¤ect ART utilization?
A primary objective of insurance mandate legislation is to improve couples' access to and usage of ART. In Section 3 we argued that insurance coverage and competition can both increase the number of couples who receive fertility treatment. Despite the insigni…cant e¤ect of insurance on entry (reported above), our data suggest that couples with mandated insurance coverage may still receive ART treatment at a relatively high rate. Indeed, a policy-maker who is primarily concerned about access to ART may not have a strong preference among possible market structures, so long as the number of patients receiving treatment increases signi…cantly.
We evaluate whether an insurance coverage mandate improves access to ART services, and whether an increase in competition may achieve the same result. We begin by examining marketlevel data on the percentages of women under-and over-35 years old who initiate an ART cycle.
A key concern in the analysis is that unobserved factors in ‡uencing the entry of one or more clinics into a market may be correlated with unobservable factors, such as consumer tastes, that in ‡uence the utilization of ART in the market. Moreover, markets with multiple ART clinics may also di¤er from monopoly ART markets in ways that are correlated with the demand for IVF treatment cycles in each of these types of markets. Consequently, to examine the roles of insurance and market competition on utilization of ART in a market, we estimate selection-corrected regressions of the form
where y int indicates the (log) cycles per 10,000 women of age 25-34 or 35-45 in market i in year t which has n clinics. 50 The impact of the market level characteristics X 2it on utilization of ART in 5 0 We adjust the age of women (25-34, 35-45, or 25-45) included in the denominator ("per 10,000 women") of the market i in year t is allowed to vary by the number of clinics in the market. To account for selection bias, we use the ordered probit estimates shown in the …rst column of The results from our selection-corrected regressions for the (log) number of cycles reported in columns (2) and (4) of Table 5 .1 indicate that insurance mandates increase the utilization of IVF by women under 35, regardless of the number of clinics serving the market. Comparison of columns (2) - (3) and (4) - (5) shows that, as we predict in our model of the ART market, the impact of insurance on the growth in cycles is smaller for older (over 35) women. Older couples in insurance mandate states may be less sensitive to insurance status when they are over 35 because they already received ART when they were younger. 53 The results in the table also show that the e¤ect of insurance on the number of cycles is slightly reduced by the presence of more than one clinic in the market, but the coe¢ cient estimates are not signi…cantly di¤erent. Surprisingly, while higher income markets tend to have more clinics, there does not appear to be a signi…cant relationship between income and number of cycles. Finally, the bottom row of the table suggests that unobserved characteristics that lead to greater entry into a market are positively correlated with unmeasured factors a¤ecting the utilization of IVF services by women both under and over 35 in markets with two or more clinics. Consequently, simple comparison of the number of cycles across markets will yield biased estimates of the impact of adding one or more clinics to a market.
To examine the impact of the number of clinics in a market on the utilization of IVF services, we dependent variable to match the numerator. 5 1 The inverse mills ratio int with an ordered probit selection equation takes the form
, where (:) and (:) are the standard normal density and distribution functions, respectively, and the fcng are the cut points from the ordered probit. 5 2 Our speci…cation is similar to the structural ordered-probit/market quantity model described in Abraham, Gaynor, and Vogt (2003) . However, we estimate a reduced form equation for the number of clinics in the market, since we do not focus on obtaining structural cost parameters but rather investigate the impact of the number of clinics on market size.
use the coe¢ cient estimates from Table 5 .1 to construct the percentage di¤erence in the number of cycles for a market with a speci…ed set of characteristics of having one versus more than one clinic present. The predictions in Table 5 
Clinic-Level E¤ects of Insurance and Competition
Given the …nding that insurance and competition both in ‡uence the number of treatment cycles in the market, we now consider the impact of these factors on clinic treatment decisions and outcomes.
In all of the analyses of this section, we employ variations 55 on a single regression model:
5 4 The predicted percentage di¤erentials reported in Table 5 .2 are constructed using the formula exp(X 2 2+ + 0:5 s 1, where s 2 n is the untruncated residual variance for the n clinic quantity equation. 5 5 In most situations below, y is a continuous, unbounded variable. However, in some cases the speci…cation or characteristics of y require probit or tobit estimation methods.
For patients of age category a in market i at clinic j during year t, we regress treatment practices or outcomes (as y aijt ) on a measure of i's insurance mandate status (IN S it ) , 56 a measure of the competitiveness of the market (COM P ait ), and a vector (Z aijt ) of demand-shifting demographic features of the market and the clinic's characteristics. 57 COM P is simply constructed as ( HHI=1; 000); with the Her…ndahl Index calculated within age groups where appropriate. 58 The error term e aijt accounts for unobserved clinic and market features.
As above, we suspect that our measure of competition may be correlated with e; so we report (at least) two sets of estimates for each regression model that we analyze. First, we estimate (1) under the assumption that COM P is exogenous, as in OLS. Next, we estimate (1) while treating COM P as an endogenous variable. We correct for endogeneity by constructing a …rst-stage tobit model (truncated at HHI = 10; 000) that estimates the relationship between COM P and Z, IN S, and the cost-shifting instruments identi…ed above. The predicted values of COM P from the tobit model are then used in the estimation of (1). In the discussion below, we refer to the set of estimates obtained under the assumption of exogenous COM P as OLS (or tobit or probit where appropriate) and the estimates that treat COM P as an endogenous variable are identi…ed as IV results.
Do clinics grow with insurance and competition?
We demonstrated above that insurance and competition increase the overall IVF utilization in a market. We also investigate how these e¤ects are distributed across individual clinics, and we report our results in Table 6 .1. After accounting for competition and other market-level controls, the point estimates indicate that the number of patients in both age groups grows with insurance coverage, but only the estimate for the under-35s is statistically signi…cant using conventional 5 6 IN Sit is a continuous variable in [0; 1]. Its value is determined by the percentage of a market's population living in a state with an insurance coverage mandate. 5 7 Demographic features of i in Z include the population of women in age category a, median income, measures of labor force participation and education for women in a, and year dummies. At the clinic level, we include a dummy variables for whether the clinic is associated with the Society for Assisted Reproductive Technology and whether the clinic accepts single women as patients.
standards. There is not a strong e¤ect of competition on cycles per clinic after we account for the potential endogeneity of COM P using the instruments described in Table 4 .1. The general e¤ect (across ages) of a decrease in market concentration is neither large nor signi…cantly di¤erent from zero. 59 We interpret this …nding as a positive result from a welfare perspective, because it indicates that the expanded number of cycles in a market under competition described in Table   5 .2 may not be associated with severe market share cannibalization and redundant expenditures on …xed costs.
What a¤ects ART treatment procedures?
Recent temporal improvements in ART success rates have generally been credited to advances in technology and expertise in fertility treatment. With the model presented in Section 3, we argued that insurance coverage may actually reduce a clinic's incentive to adopt more advanced technology, while the e¤ect of competition is to vertically di¤erentiate clinics in their technology choices. We also noted that two important factors a¤ect the number of embryos transferred. First, we must consider the characteristics and optimal choices of new patients who enter the market because of lower treatment prices due to insurance and competition. Second, we note that an individual's dynamic treatment strategy with regard to embryo choice may be a¤ected by the intertemporal income e¤ects of insurance coverage and competitive prices.
We now ask whether these relationships among market characteristics and treatment procedures exist in the data. We focus on the use of ICSI and the number of embryos transferred during an IVF procedure. 60 Recall from Section 2 that ICSI improves the chance that a retrieved egg is successfully fertilized, and that a reduction in transferred embryos lowers the risk of a multiple pregnancy and birth. A concern about highly competitive ART markets is that clinics transfer "too many" embryos in order to increase their birthrates, although this also increases the chance of a multiple pregnancy.
ICSI usage rates are available at only the clinic level (rather than by age), so for each clinic-year combination we regress ICSI usage on clinic, market, and patient characteristics. 61 The results of these regressions are reported in Table 6 .2. We …nd that both insurance and competition lead to a reduction in the frequency of ICSI. These results support the model and incentives discussed above. 62 The competition result implies that as new patients and clinics enter an ART market, their choices are more heavily weighted toward lower-technology procedures. This may occur because the new patients are more price-sensitive, or because they have relatively favorable fertility characteristics and do not require the most advanced treatment. 63 In interpreting the e¤ect of insurance on ICSI, we note an additional fact that complicates matters: some insurance mandates do not require coverage for ICSI treatment, and the couples attracted into the ART market because of insurance coverage may be too price-sensitive to pay for ICSI. To investigate this possible explanation for our results, we re-estimate the model including interactions between insurance and the upper quartile house value (as a measure of wealth). 64 If mandates are attracting patients into the IVF market with less ability to pay for ICSI, then the impact of insurance on ICSI utilization should be greater in higher wealth markets. The negative estimates of the interaction e¤ect shown in Table 6 .2 do not support this hypothesis. The estimates indicate that insurance reduces ICSI use more in high-wealth rather than low-wealth markets.
In Section 3 we did not distinguish between a situation in which insurance discourages a clinic from investing in ICSI technology from one in which ICSI is available at a clinic but insurance 6 1 In the regressions presented in this section (and subsequent sections where appropriate), the observations are weighted by the number of cycles at the clinic to account for the fact that the dependent variable is a percentage rate. 6 2 As we mention above, we are unable to test our assumption of pro…t maximization, which yielded our intuition on the negative e¤ect of insurance on technology. It may be argued that insurance's e¤ect on the ICSI rate simply re ‡ects patients demanding more conservative treatment. 6 3 Our results in Section 6.3 suggest that competition does not signi…cantly a¤ect the distribution of innate fertility among treated couples. 6 4 We have also estimated the models using median income rather than house value. The median income results
were not as precise as those reported here, and this income variable probably does not capture the appropriate part of the income or wealth distribution in a market. The high price of IVF is likely to imply that most patients are substantially above their local median income.
reduces the willingness of the doctor or patient to use it. To determine whether clinics in nonmandate markets are more likely to invest in ICSI technology, we estimate probit models of whether the clinic in question o¤ers ICSI to its patients. 65 The estimates in the lower half of Table 6.2 show that insurance mandates have no e¤ect on the decision of a clinic to o¤er ICSI services.
Consequently, insurance appears to reduce ICSI use even though it is likely to be available to the doctor and patient at a given clinic. This result, plus our …nding on the e¤ect of house value on ICSI, suggests that the most likely reason why ICSI is less prevalent in insurance markets is because doctors counsel patients against the procedure. Similarly, the availability of ICSI is not signi…cantly a¤ected by competition. Our next step is to examine how insurance and competition a¤ect decisions on the number of embryos to transfer to the patient during an IVF cycle. Recall that some argue that IVF clinics have incentives to transfer too many embryos in order to boost birthrates at the expense of multiple births, the cost of which is not incurred by the IVF clinic nor completely by the patient. Both the OLS and IV estimates in Table 6 .3 show that the presence of an insurance mandate signi…cantly reduces the number of embryos transferred for women under and over 35. These …ndings are consistent with the view that insurance mandates reduce moral hazard in embryo transfers since the patient may be more willing to accept an unsuccessful ART cycle when she does not pay a large portion of the cycle expense out-of-pocket. An alternative explanation of these results is that they are driven by patients who would not have received treatment at all if not for an insurance mandate.
Insurance might attract a large group of relatively high-fertility couples into the market, and these couples need to transfer fewer embryos in order to attain a target birthrate. However, our results on birthrates described below make it unlikely that high fertility couples are disproportionately induced to attempt IVF in mandate markets. In fact, if less fertile couples (who need more embryos to achieve a desired birthrate) are disproportionately encouraged to enter the market, insurance mandates appear to be very e¤ective in encouraging clinics and patients to take fewer embryos. With clinic-level data, we cannot discern the extent to which this …nding re ‡ects patient choices resulting from the income e¤ect of insurance, or whether doctors more vigorously counsel patients about the risks of multiple births (as they might also counsel against ICSI to e¤ectively reduce k), or both.
The IV estimates of the e¤ect of competition on embryos transferred suggest that patients in 6 5 A clinic is de…ned as o¤ering ICSI if it is used in more than 10% of IVF cycles initiated at a clinic in a given year.
clinics located in more concentrated markets are likely to receive more embryos. This is evidence against the assertion made recently by medical researchers (e.g., Berg et al [1999] ; Wells[1999] ) that competition will lead to greater embryo transfers and a higher risk of multiple births because of pressure to report high success rates. One explanation for this …nding suggested by the model in Section 3 is that if IVF prices are higher in concentrated markets, couples will choose to transfer more embryos in an e¤ort to increase the likelihood of birth and avoid incurring the cost of an additional IVF cycle.
Birthrates, multiple birth risk, and patient selection
The introduction of an insurance mandate or a reduction in clinic concentration increases the number of couples in a market who receive fertility treatment. Are these couples more or less fertile than those who use ART in a relatively concentrated market or one without insurance coverage?
The position that infertility is a serious and widely untreated medical condition suggests that a policy goal should be to improve the conception chances of couples with poor fertility characteristics.
Thus, a policy that results in new ART treatment by (relatively) high-fertility couples would not achieve the apparent objective of insurance mandate proponents. However, such an outcome would certainly bene…t the couples who take treatment, and may be defended from a social welfare perspective.
We evaluate indirectly the ability of insurance mandates and competition to attract new, lowfertility ART patients. We estimate a model of birth outcomes and check whether success probabilities decline with competition or an insurance mandate. After controlling for the number of embryos transferred and the use of ICSI, unobserved patient fertility is likely to have an important e¤ect on outcomes. If we observe that birth probabilities fall, we infer that the fertility characteristics of the couples receiving treatment must be less favorable than those treated in markets without insurance coverage or competition among ART clinics. We estimate OLS and IV regression models on two types of outcomes: birthrates and multiple births. We also report corresponding estimates for speci…cations in which number of embryos transferred and the use of ICSI are excluded in order to provide an indication of the full impact of insurance and competition on success rates, since the …ndings in Tables 6.2 and 6 .3 suggest that insurance and competition in ‡uence treatment decisions.
The results from models of birth probabilities shown in Table 6 .4 indicate that the percentages of women under 35 and over 35 who give birth after IVF treatment are lower in markets covered by an insurance mandate. Given our controls for clinic technology and embryo choice, this seems to indicate lower innate fertility of ART clients in these markets. Excluding these treatment choice variables magni…es the impact of insurance for women over 35. One might argue that the negative relationship between insurance and birthrate re ‡ects provision of lower-quality services by IVF clinics in these markets rather than the introduction of less fertile women. Note, however, that these …ndings hold even when a measure of clinic quality, the use of ICSI, is included in the regression. 66 While we cannot rule out explanations highlighting decreased quality provision in clinics, the …ndings in Table 6 .4 are consistent the view that insurance mandates expand the IVF market include more couples with lower fertility.
In contrast to the e¤ect of insurance, competition has no signi…cant impact on birthrates after we account for the potential endogeneity of market structure. This may indicate that the types of couples who are attracted to ART with the addition of new clinics have similar fertility characteristics to those couples who seek treatment in a more concentrated market.
Using the available data on multiple birth rates at IVF clinics between 1996 and 2000, we next turn to the question of whether insurance and competition reduce the incidence of these costly events. These results are presented on Table 6 .5. For women under 35, mandates appear to mitigate the moral hazard problem associated with IVF, since patients of clinics located in these markets have a signi…cantly lower incidence of multiple births. The negative but insigni…cant estimates shown for women over 35 may re ‡ect the fact that these patients have reduced fertility and are at less risk of a twin-or-more birth.
With regard to the impact of competition, there is little evidence to support the concern that a clinic operating in a more competitive market will generate multiple births more frequently. When we omit the controls for the number of embryos and the use of ICSI, we …nd that the overall e¤ect of competition is a weakly signi…cant reduction in the frequency of multiple births for women in both age groups. These results are consistent with the argument that by driving up prices, monopoly clinics may cause couples to become more aggressive in their treatment choices in an attempt to get pregnant. However, our preferred interpretation is tempered by the complexity of ART markets. While competitive pricing may a¤ect multiple birth rates, we also acknowledge that patient selection and clinic technology choices together may yield a lower per-patient risk of twins or more. Finally, it is important to note that a reduction in multiple birth risk does not necessarily mean few multiple births when there is su¢ cient growth in the number of patients treated.
Discussion and Conclusions
Several million American couples are medically infertile, but many could become pregnant with the assistance of an advanced fertility treatment such as IVF. Although IVF has been fairly recently introduced, its use is spreading rapidly. The percentage of all births in the U.S. due to IVF procedures using fresh, non-donor eggs has grown from 0.3% in 1995 to 0.7% in 2000. For women over age 35, the share of IVF births has increased from 0.9% to 1.6% during the same period. We expect the use of IVF to continue to grow, as more women account for this possibility while making related life cycle choices regarding education, career, and marriage. Perhaps the most important factor to the continuing growth of IVF is a likely decline in the full price of the procedure. The current expected expense of receiving IVF until a woman bears a child is $40,000, if we assume a price of $12,000 and a 30% success probability. If technological improvements and a more fertile selection of IVF patients 67 increased the birthrate to 50%, and reductions in market concentration reduced the price of the procedure to $8,000, the expected expense of IVF would fall considerably to $16,000. A price decrease of this magnitude could substantially increase both the use of ART and its share of births in the U.S.
The most important economic issues in contemporary ART markets are: 1) access to treatment and 2) choices made during treatment, especially regarding embryos and technology. To address these issues, there are two leading policy prescriptions. The …rst is the mandatory provision of insurance for IVF, which has been predicted to bring new patients into the market and reduce the incentive to transfer a dangerously high number of embryos during treatment. The second prescription is to restrict competition so that clinics do not attempt to win new patients by in ‡ating birthrates using treatments that also raise the risk of multiple births. With the present paper, we empirically test each of these conjectures about policy and ART market activity, plus we identify a number of additional potential e¤ects that are new to the literature on infertility treatment.
Regarding insurance, we argue that clinics may reduce their use of technology because of the low return from treating insured patients. For competition, we point out that low prices can increase access to IVF while also reducing patients' incentives to pursue an aggressive treatment strategy with respect to the number of embryos transferred.
Our empirical analysis con…rms the existing intuition and evidence that insurance increases access to IVF while decreasing the number of embryos that patients transfer during treatment.
However, we also establish that competition has the same e¤ect on access and embryos. The results on embryo transfer rates under insurance, considered jointly with our inference that a less fertile selection of patients enters the market, suggests that the estimated decline in embryos transferred is due to the intertemporal income e¤ect of insurance. 68 While we also …nd a reduction in the number of embryos with an increase in competition, it is di¢ cult to compare the magnitude of this e¤ect to that of insurance because of our measure of market concentration. Our …ndings on the reduced use of ICSI technology in insurance markets was not anticipated in the prior literature on infertility treatment. This pattern may be explained by incentives felt by clinics to reduce treatment quality, or it could simply re ‡ect the preferences of patients to take more conservative treatment when they know that the current cycle is less costly (due to insurance) and future treatment is feasible. While we cannot rule out this explanation, our model suggests that the less-fertile couples who enter the ART market due to insurance should instead be more willing to use high-technology treatment. Our results on birthrates suggest that the couples who enter the market due to an insurance mandate have relatively low innate fertility, while we infer no signi…cant e¤ect of competition on the fertility characteristics of new patients. Finally, we report that insurance reduces the multiple birthrate for under-35 women, while competition has a favorable e¤ect on rates for women of both age groups.
This rebuts the argument that competition in ART markets leads to a costly "birthrate race" among clinics.
Although our results indicate that both insurance and competition reduce the multiple birth risk for women who undergo IVF, it is important to note that this does not mean that fewer twins and triplets will be born. In fact, our results imply that the opposite is likely to occur because of the substantial growth in the number of ART cycles following an insurance mandate or an increase in competition. Consider the case of under-35 women in a monopoly market. We predict that adding an insurance mandate to the market would result in a 32% increase in the number of IVF births for these women and a 22% increase in multiple births. 69 Whether the increase in 6 8 Our model suggests that, absent intertemporal e¤ects, less fertile women should transfer more embryos. 6 9 These calculations begin with our estimate of a 45% increase in cycles for under-35 women following the introduction of insurance to a monopolized market. Insurance leads to a slight decline in the birthrate (from 31.1% to 28.2%) and multiple birth risk (from 41.4% to 38.7%). The key point is that the substantial expansion of women receiving multiple births observed in these markets will lead to substantially higher healthcare costs depends on the types of patients induced to attempt IVF. If new IVF patients are drawn entirely from the population of women who are taking no alternative infertility treatment, the number of twins and triplets in the population would increase due to the e¤ects that we identi…ed above and the substantial di¤erence between the natural rate of multiple births and that under ART. However, if new infertility patients take IVF instead of continuing with ovulation drugs, there is again an ambiguous e¤ect of expanding ART on the number of multiple births. Ovulation drugs tend to have higher variation in their outcomes, and may have a higher risk of twins than IVF.
There are several areas for future research to complement the present paper. First, we would like to analyze the treatment choices of individual women who use ART. This would allow us to describe how treatment decisions change after IVF fails or insurance coverage expires, and could provide a more accurate description of the incentives and objectives of clinics. Second, we could further expand our analysis of competition among clinics with data on prices, advertising, and clinic-speci…c characteristics. Our goals with these data could include a cost-bene…t analysis of expanding insurance mandates versus allowing (or even subsidizing) additional competition among clinics. Third, we would like to learn more about how patients substitute between IVF and less technologically-advanced treatments like ovulations drugs. With additional data on this topic, we could evaluate the full e¤ects of providing insurance coverage for one treatment but not the other (as is currently the case). Additionally, we might predict whether IVF will replace drug therapy in a way similar to IVF's dominance of alternative ART procedures like GIFT and ZIFT.
IVF treatment in an insured market far outweighs the slight reduction in birth probabilities, yielding a large increase in multiple births. Repeating this calculation for competition is not as feasible because of our continuous measure of market concentration. However, we note that a change to market concentration leads to a similarly substantial increase in access with a smaller decrease in twin risk. Note: t-ratios in parentheses. Each regression also includes year dummies and the percentage of women working. Standard errors account for correlation within markets. Ordered probit model in column (1) also estimates 10 cut points. Note: All utilization differentials constructed using the average characteristics of markets with n > 0 clinics in the sample. 
